Abstract-Drive systems are prevalent in industrial application of induction motors; while shunt FACTS devices are important to compensate disturbances and increase motor speeding up. In this paper an assessment study between Space Vector PWM (SVM) induction motor drive system and shunt FACTS (such as SVC) installed on terminals of motor is done. It is shown that shunt FACTS is more suitable than Induction motor drive system for decreasing of time of speeding up. The results of simulations also display that STATCOM has better response over SVC for improving dynamic behavior of induction motor and effectual for reduction of transients and refinement the voltage profile.
INTRODUCTION
Many studies and investigations have been carried out to assess, satisfy and enhance the power quality of the electric power system [1] .It is well known that around 80% of electrical industrial loads consist of three phase induction motors. Induction motors need a high current and reactive power at starting. Starting of a large electrical motors connected to a bus with small short circuit power, will produce disturbance for supply network and local consumers. This disturbance generally is in the form of voltage dip and will cause power quality of the network to decrease. Furthermore abatement of voltage will result in reduction of starting torque and consequently time of motor speeding up will be increased [2] . Consequently, any power quality and energy resource survey approach should take into consideration the behavior and performance of these devices under ideal and non-ideal supply conditions.
To compensate the disturbance during the starting, it is proposed to use Shunt FACTS devices such as SVC or STATCOM. These types of compensators increase the motor speeding up and improve the voltage profile. The fundamental difference in operation principle between SVC and STATCOM is that STATCOM is a converter-based var generation function as shunt-connected synchronous voltage source; whereas SVC is thyristor controlled reactors and thyristor switched capacitors, function as a shunt connected controlled reactive admittance. In addition to that, STATCOM has the ability to exchange real power from the system if it is equipped with an energy storage element at its dc terminal. Major advantages of STATCOM over the conventional SVC are significant size reduction, reduced number of passive elements due to the development of capacitor technology, ability to supply required reactive power even at low bus voltage, better control stability and lower harmonics [3] , [4] .
AC drive system often named a variable frequency inverter, is one of the most important equipments in industrial applications of induction motors. Voltage Source Inverters (VSI) in which the converter affects a voltage on the machine, are very well known and flexible in their applications. Using VSI in driving systems has some advantages such as [5] , [6] : A number of PWM techniques exist; each having different behavior especially regard to the stability and audible noise of the driven motor [5] . The Space Vector PWM (SVM) method is a modern, computation comprehensive method and is possibly the best among all the PWM techniques for variable frequency drive approaches. Because of its higher properties, it has found extensive applications in recent years [7] , [8] , [9] . This paper, investigates firstly the performance of induction motor starting with shunt FACTS and VSI. Also comprehensive assessment of the effects of STATCOM and SVC controllers has been carried out for dynamic behaviors of motor. The results prove the superiorly of STATCOM over SVC in increasing motor speeding up and improving system voltage profile during starting.
II. SYSTEM MODELING
The system under study is a one machine infinite bus model where FACTS device (e.g. STATCOM or SVC) is installed on the terminal of the motors. Fig.1 shows the system modeling with a SVC which consists of Fixed shunt Capacitor (FC) and Thyristor Controlled Reactor (TCR), while Fig.2 shows a single machine infinite bus motor installed with a STATCOM which consists of DC capacitor, a three phase GTO based Voltage Source Converter (VSC) and a step down transformer. 
A. Motor Model
In this study, the induction motor will be presented by" Park" model. The complete electro mechanical equations are as follows [2] :
The expressions for the electromagnetic torque and inertia coefficient respectively are:
A list of symbols is given in the Appendix A.
B. SVC Model
As mentioned, the model of SVC in this paper is FC-TCR. The dynamic equations of SVC which are presented by" Park" model are as follows [2] :
α is firing angle of thyristor.
C. STATCOM Model
The STATCOM is modeled as a voltage-sourced converter behind a step down transformer as shown in Fig.2 [2] , [10] , [11] , [12] . From Fig.2 we have:
The DC voltage V DC is governed by:
Where DC C the dc capacitor is value and DC I is the capacitor current. The output voltage phasor is:
For the PWM inverter; c = mk and k is the ratio between AC and DC voltage; m is the modulation ratio defined by PWM and φ is phase angle defined by the PWM. From Fig.2 :
Substituting eqn.6 into eqn.9 gives:
From the above, it can be shown that I andI Lod Loq equations are written as:
D. Transmission Line Model
It is possible to model a short transmission line as a constant resistance and reactance. The dynamic model of transmission line presented by "Park" model is for Fig.1 as:
And the model can also be expressed for Fig.2 as:
The relationship between stator currents and flux linkages of quadrate and direct axes components are written as [13] :
E. Linearized Model
In the design of electromechanical mode damping controllers, the linearized incremental model around a nominal operation point is usually employed.
Linearizing the expressions of V qsm and V dsm and substituting into the linear form of (1)- (11) 
Where A and B are constant linearization matrices and C represents the relation between state vector and the chosen output.
III. DESIGN OF CONTROLLER
The controller used in this paper is PI controller to control the firing angle (α) of SVC and phase angle(φ) of STATCOM . The PI controllers are normally located in the feedback route. An extra washout block is embraced in series with the controller to remove any undesirable signal in the steady state [13] . The block diagram of SVC controller and STATCOM controller is shown in Fig.3 . The function of controller in the feedback loop is composed as a pole placement method was used to specify perfect gain settings, 
A. Comparing shunt FACTS and VSI
To study the behavior of starting of induction motor, assume the motor starts up without load. Simulations are performed in Simulink/MATLAB programme. The induction motor starts with a Space vector PWM VSI. Details of the induction motor, the three phase inverter and the three phase diode rectifier models are provided with the "SimPowerSystems" library of Simulink. Also the speed controller, the braking chopper, and the space vector modulator models are specific to the drive library [15] .The speed controller is based on a PI regulator that controls the motor slip. The slip value computed by the PI regulator is added to the motor speed in order to produce the demanded inverter frequency. The latter frequency is also used to generate the demanded inverter voltage in order to maintain motor V/F ratio constant [15] . Besides, the induction motor starts with a SVC that is installed on the terminals of the motor. Parameters of the drive system and induction motor are given in Appendix B.
The results of simulations for rotor speed of motors using the drive system and SVC are shown in Fig.4 and Fig.5 respectively. It is specified that dynamic performance of SVC is better than VSI for starting of the motor and the time for reaching the steady state conditions is considerably low when using SVC. Fig.6 and Fig.7 show the stator current using drive system and SVC. It is specified that the driving current is limited when the drive system is used. Whereas speeding up of induction motor is very important factor in industrial applications, the result of investigations for two important shunt FACTS (SVC and STACOM) are embodied in this paper. 
B. Study of different shunt FACTS effects
The results of simulation for starting of induction motor in MATLAB programme are shown on Fig.8 and Fig.9 . Fig.8 displays the rotor speed of the motor and Fig.9 shows the terminal voltage of the motor for three cases: without any compensator, using SVC and using STATCOM model based on Fig.1 and Fig.2 .
The values of P I K and K are 50 and 0.00145 respectively. The parameters of the system are given in Appendix. It is clear that the time of motor speeding up is lower when the STATCOM is used; besides the dip of voltage without using any compensator is almost 20%; using SVC the voltage profile is improved and declined around 10%. With utilization the STATCOM, voltage dip is decreased considerably less than 5%. In this paper, the application of Space Vector PWM (SVM) induction motor drive system is presented and compared with SVC installed on terminals of motor. 
